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Abstract

Sisal (Agave sisalana) is a plant widely cultivated in Brazil for fiber extraction, generating
large volumes of underutilized residues with pharmacological potential. In this study, an
aqueous extract and its alcoholic fraction were obtained from the plant’s residual mucilage,
aiming to investigate their antifungal activity, antioxidant capacity, and cellular safety. Phy-
tochemical screening revealed high levels of phenols, flavonoids, and saponins, particularly
in the aqueous fraction. The extracts were evaluated for antioxidant activity using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay and for antifungal activity against the yeasts
Candida albicans and Malassezia pachydermatis, as determined by the Minimum Inhibitory
Concentration (MIC). The aqueous extract exhibited strong antioxidant activity and inhib-
ited 99% of C. albicans and M. pachydermatis growth at concentrations of 87 µg/mL and
1400 µg/mL, respectively. Furthermore, it showed low cytotoxicity in NIH/3T3 fibroblasts.
These findings indicate that sisal residue contains promising bioactive compounds with
relevant pharmacological properties, reinforcing its potential as a sustainable source for the
development of antifungal and antioxidant phytotherapeutics.

Keywords: Agave sisalana; sisal residue; antifungal activity; antioxidant compounds;
Candida albicans; sustainable bioproducts

1. Introduction
Fungal infections caused by species of the genera Candida and Malassezia represent

emerging and significant challenges to global public health, particularly among immuno-
compromised populations and in hospital settings. Candidiasis, which ranges from su-
perficial infections to severe systemic conditions, is frequently associated with prolonged
use of corticosteroids, invasive medical devices, and immunosuppression [1]. Candida
albicans is the most prevalent species in such infections, although non-albicans species are

Cosmetics 2025, 12, 259 https://doi.org/10.3390/cosmetics12060259

https://doi.org/10.3390/cosmetics12060259
https://doi.org/10.3390/cosmetics12060259
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cosmetics
https://www.mdpi.com
https://orcid.org/0000-0002-3903-2988
https://orcid.org/0009-0001-8983-9069
https://orcid.org/0009-0002-0179-8758
https://orcid.org/0000-0003-2033-8132
https://orcid.org/0009-0008-5100-143X
https://orcid.org/0000-0002-3623-5093
https://orcid.org/0000-0002-9142-0371
https://doi.org/10.3390/cosmetics12060259
https://www.mdpi.com/article/10.3390/cosmetics12060259?type=check_update&version=1


Cosmetics 2025, 12, 259 2 of 14

becoming increasingly common and resistant to conventional antifungal agents [2]. In
parallel, Malassezia infections, traditionally regarded as opportunistic cutaneous diseases,
have emerged as potential pathogens in systemic contexts, especially in neonates and criti-
cally ill patients, being associated with conditions such as seborrheic dermatitis, pityriasis
versicolor, and catheter-related fungemia [3].

There is a global rise in resistance to conventional antifungal agents [4], largely due to
their indiscriminate use in human and veterinary medicine, as well as in agriculture. As a
result, the search for new therapeutic alternatives has become a public health priority [4].
Infections caused by opportunistic fungi, such as Candida spp. and Malassezia spp., have
proven particularly challenging, often requiring prolonged treatments that favor the selec-
tion of resistant strains and increase the therapeutic failure rates [5]. Thus, the growing
antifungal resistance, combined with the scarcity of effective therapies and surveillance
strategies, further underscores the need to intensify complementary and/or alternative
therapeutic approaches [6].

Particular attention is given to the secondary metabolites present in plant extracts,
such as phenolic compounds, saponins, alkaloids, and terpenoids, due to their antifungal
activity associated with antioxidant properties. These compounds act not only by damaging
fungal cellular structures, such as membranes and organelles, but also by modulating the
redox balance within the infectious environment [7]. Oxidative stress is a key factor in the
virulence of pathogenic fungi such as Candida spp. and Malassezia spp., being involved
in biofilm formation, antifungal resistance, and evasion of the host immune response. By
exerting antioxidant activity, plant metabolites reduce the levels of reactive oxygen species
(ROS), thereby interfering with their cellular signaling and diminishing the fungi’s ability
to adapt and proliferate [8]. Moreover, by mitigating oxidative stress, these compounds
may help protect host tissues from inflammatory damage, fostering a more favorable envi-
ronment for infection resolution. These synergistic mechanisms strengthen the therapeutic
potential of plant extracts as alternatives or adjuvants in the treatment of resistant mycoses,
particularly in cases where conventional antifungal agents present limitations [9].

Given these premises, plant extracts have emerged as promising sources of new
antifungal agents due to the structural diversity of their secondary metabolites. Among the
species of interest, Agave sisalana, commonly known as sisal, stands out, as the residue from
its industrial processing concentrates bioactive compounds with potential antimicrobial
activity [10]. In Brazil, sisal holds historical and socioeconomic relevance, particularly in
the semi-arid Northeast, where it was introduced in the 1903s to meet global demand for
natural fibers [11]. Today, the country is the world’s largest producer, with the state of
Bahia accounting for approximately 95% of national production, followed by Paraíba and
Rio Grande do Norte [12]. However, sisal processing annually generates millions of tons
of residue, equivalent to approximately 95% of the plant’s biomass, which is discarded
after fiber extraction [13]. This unused volume, combined with the high concentration of
saponins in the liquid fraction of this residue, as reported in some studies, underscores
the urgency of developing sustainable strategies for the full valorization of the biomass,
focusing on secondary metabolites capable of inhibiting resistant pathogens [14].

Thus, the present study initially aimed to develop an aqueous extract and its alcoholic
fraction from the juice obtained by the mechanical pressing of sisal residue, which is com-
monly discarded during the leaf defibrillation process. Subsequently, with the long-term
goal of developing a new phytotherapeutic agent, the following analyses were conducted:
(1) evaluation of the antifungal activity of the aqueous extract and its alcoholic fraction
against Malassezia pachydermatis ATCC 14522 and Candida albicans ATCC 1023; (2) determi-
nation of the antioxidant activity of the aqueous extract and its alcoholic fraction using the
DPPH assay; (3) quantification of phenolic compounds, flavonoids, and saponins in the
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aqueous extract and its alcoholic fraction, in order to establish a relationship between the ob-
served effects and their phytochemical composition; and (4) in vitro cytotoxicity assessment
of the aqueous extract using the NIH/3T3 cell line. The methodologies developed were
intended to promote the valorization of this agro-industrial residue and contribute to the
inclusion of sustainable therapeutic strategies that add value to underutilized plant waste.

2. Materials and Methods
2.1. Plant Material Source

Agave sisalana Perrine, commonly known as sisal, is a perennial monocotyledonous
plant of the family Asparagaceae, widely cultivated in Brazil. It has a short, thick stem and
a rosette of rigid, sword-shaped leaves, typically 1.0–1.5 m long and 10–15 cm wide, which
mature over 3–5 years. Harvested leaves are mechanically decorticated to isolate the hard
fibers, which may then be washed and sun-dried to remove residual tissue and moisture.
No chemical pre-treatment is usually applied in the leaf residue, used in the preparation
of extracts.

The crude sisal juice, derived from the mechanical pressing of sisal residue, was
collected from rural producers in Valente, Bahia, Brazil. The species under study was
identified as Agave sisalana at the Assis Herbarium of São Paulo State University (UNESP),
Assis campus, São Paulo, where a voucher specimen was deposited under number 2597.

2.2. Preparation of the Aqueous Extract and Its Alcoholic Fraction from Sisal Juice

Due to the high water solubility of saponins, the aqueous extract was initially prepared
from the sisal juice. For the extract preparation, the sisal juice was centrifuged (FANEM
FR 22, Garulhos, São Paulo, Brazil) at 4000 rpm for 20 min at 20 ◦C, applying a relative
centrifugal force of approximately 52,580 N. Subsequently, the supernatant was dried in
an oven (FANEM LTDA, model 002CB) at 50 ◦C until a constant weight was achieved,
yielding the aqueous extract of sisal.

In a second step, aiming to enhance the observed activities, the aqueous extract was
subjected to alcoholic fractionation. For this, 10 g of each dried extract was added to
1000 mL of a 70% hydroalcoholic solution. The mixture was stirred for 90 min and then
left to stand in the dark under static conditions for 3 days. Subsequently, the solution was
filtered and the filtrate was concentrated using a rotary evaporator to remove the alcohol
content. The resulting alcoholic extract was then dried in an oven at 40 ◦C.

2.3. Evaluation of the Antifungal Activity of the Sisal Aqueous Extract and Its Alcoholic Fraction
2.3.1. Microorganisms Used

The experiments utilized the fungi Malassezia pachydermatis ATCC 14522 and Candida
albicans ATCC 1023.

2.3.2. Isolation and Preservation of Microorganisms

For the isolation of Candida albicans, the liquid YM culture medium was used, contain-
ing: yeast extract (0.3%), malt extract (0.3%), peptone (0.5%), dextrose (1%), and chloram-
phenicol (0.018%), all dissolved in distilled water at pH 6.5. For Malassezia pachydermatis, the
MM medium was employed, composed of malt extract (1.8%), peptone (1.8%), Tween 40 or
80 (0.5%), glycerol (0.25%), and chloramphenicol (0.009%), dissolved in water at pH 6.5.
Prior to yeast inoculation, all culture media were sterilized in an autoclave (Fabbe-Primar,
model 103, São Paulo, Brazil) for 20 min at 1 atm pressure and 121 ◦C.

After inoculation, the cultures were incubated at 32 ◦C for 72 h to promote yeast growth
(FANEM LTDA incubator). Once isolated, the cultures were preserved in sterile Eppendorf
tubes containing approximately 1 mL of 10% glyceraldehyde solution, previously sterilized
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by autoclaving at 121 ◦C for 40 min (FABBE-PRIMAR, São Paulo, Brazil). Subsequently, the
tubes were frozen in liquid nitrogen containers (Nitropec, Garça, São Paulo, Brazil) and
stored in a freezer (Bosch, model Ecoplus 430, São Paulo, Brazil) at −20 ◦C.

2.3.3. Microorganism Activation

The isolated and preserved fungi were aseptically activated using a platinum loop by
transferring each cryopreserved fungal isolate into test tubes containing 9 mL of sterilized
liquid medium (sterilized for 15 min at 121 ◦C). The medium had the following composition:
sucrose 2%, yeast extract 0.5%, ammonium sulfate 0.10%, potassium phosphate 0.087%,
magnesium sulfate heptahydrate 0.024%, manganese sulfate monohydrate 0.0012%, zinc
sulfate heptahydrate 0.0028%, and distilled water, adjusted to pH 5.5. The tubes containing
the fungi were incubated for 120 h at 28 ◦C in an oven (FANEM LTDA, model 002CB—São
Paulo, SP, Brazil). After initial growth, two additional subcultures were performed under
the same conditions to ensure complete activation of the microorganisms.

2.3.4. Standardization of Microorganisms

In this new phase of the study, inoculum standardization was performed to ensure
homogeneity and that equal portions of the microorganisms were introduced into the
different test tubes. Initially, yeast isolation was carried out using the streak plate method
to obtain a single colony, ensuring that all inoculated yeasts originated from a single
organism. Subsequently, microorganism concentration was determined using a Neubauer
counting chamber, allowing dilution to the desired concentration.

2.3.5. Minimum Inhibitory Concentration (MIC)

The percentage of inhibition was determined using the methodology described by
Jones et al. [15], with some modifications. This method involves preparing different
concentrations of the test substance and performing microorganism counts at time zero
and after 24 h. The Minimum Inhibitory Concentration (MIC) was evaluated based on
the percentage of inhibition, with the initial count taken immediately prior to inoculation.
Subsequently, the microorganisms were incubated at 32 ◦C with shaking at 180 rpm at
the different dilution concentrations. After 24 h, a second count was performed. Each
concentration was then compared to the control group. Positive controls consisted of the
antifungal agents nystatin for Candida albicans and ketoconazole for Malassezia pachydermatis,
both commonly used in clinical practice. The extract concentrations tested ranged from
43 to 1400 µg/mL. The MIC was defined as the lowest concentration that exhibited the
highest percentage of inhibition.

2.4. Evaluation of the Antioxidant Activity of the Aqueous Extract and Its Alcoholic Fraction

The experiments were performed in triplicate for statistical purposes, using a mixture
composed of 1 mL of acetate buffer (pH 5.5, 100 mM), 1.25 mL of P.A. ethanol, 250 µL
of DPPH solution (500 µM), and 50 to 100 µL of the samples. DPPH exhibits maximum
absorbance at 517 nm, which decreases in the presence of hydrogen-donating molecules,
indicated by a color change from purple to yellow. The extracts were allowed to react with
the DPPH radical for 30 min in low-light conditions and were subsequently analyzed using
a UV–Vis spectrophotometer at a wavelength of 517 nm [16]. The antioxidant activity was
calculated according to the following equation:

Antioxidant Activity (%) = [(Acontrol − Asample)/Acontrol] × 100

where Asample is the absorbance of the samples after 30 min and Acontrol is the absorbance of
the DPPH solution, both measured at 517 nm.
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2.5. Phytochemical Analysis of the Sisal Aqueous Extract and Its Alcoholic Fraction
2.5.1. Total Phenolic Quantification

The Folin–Ciocâlteu method was performed according to the procedure described
by Khodaie et al. [17] to determine the total phenolic compounds using gallic acid as the
reference standard. For each extracted sample (0.5 mL at various concentrations), 5 mL of
distilled water and 0.25 mL of Folin–Ciocâlteu reagent (containing molybdate, tungstate,
and phosphoric acid) were added. After 3 min, 1 mL of a saturated 10% Na2CO3 solution
was added, and the mixture was allowed to stand for 1 h at room temperature in the dark.
Absorbance was measured at a wavelength of 725 nm using a UV–Vis spectrophotometer.

2.5.2. Total Flavonoid Quantification

Flavonoid content in the extracts was determined using a modified version of the
method described by Zhishen et al. [18]. An aliquot of 0.5 mL of the extract solution at
various concentrations was mixed with 1.5 mL of absolute ethanol and 0.1 mL of 10% AlCl3
solution. Then, 0.1 mL of CH3COONa was added, and the total volume was adjusted to
5.0 mL by adding 2.8 mL of distilled water. The mixtures were homogenized and incubated
in the dark for 30 min. Finally, absorbance was measured at 425 nm using quercetin as the
reference standard.

2.5.3. Saponin Quantification

The presence of saponins in the extract was evaluated through spectrophotometric
analysis, following the established literature protocols [19–21]. The analysis was conducted
using a UV–Vis spectrophotometer. An aliquot of 1 mL of the aqueous extract and alcoholic
fraction was mixed with 1 mL of 0.2% cobalt chloride chromogenic reagent and 1 mL of
concentrated sulfuric acid. Absorbance readings were taken at 284 nm after 20 min from
the start of the reaction. Quillaja saponins (Merck, Saint Louis, MO, USA), dissolved in
water at a concentration of 0.2 mg/mL, were used as the positive standard.

2.6. Cell Viability of the Sisal Aqueous Extract

Mouse normal fibroblasts (NIH/3T3 cell line) were cultured in tissue culture-treated
flasks with high-glucose DMEM® medium (Sigma, Cajamar, São Paulo, SP, Brazil) and
incubated at 37 ◦C with 5% CO2. The cell suspension was counted using a Neubauer
chamber and diluted to obtain a concentration of 250,000 cells per mL. Subsequently, 80 µL
of the cell suspension was seeded into a 96-well ELISA plate for adherent cultures and
incubated overnight. Thereafter, 200 µL of the extract diluted in supplemented culture
medium at various concentrations was added to each well. After 24 h, the supernatant
was removed from each well, and 100 µL of MTT solution (CAS 298-93-1; Sigma Aldrich,
Cajamar, São Paulo, Brazil—5 mg MTT per 1 mL PBS) was added and incubated for 4 h.
Following incubation, the supernatant was removed again, and 100 µL of sterile DMSO was
added to each well to solubilize the formazan crystals, followed by an additional 10 min
incubation. The solution was then homogenized, and absorbance was measured using an
ELISA spectrophotometer at 540 nm.

2.7. Data Analysis

Statistical analyses were performed using BioEstat 5.0 software. For all tests, the
significance level was set at 5%. Data were subjected to one-way ANOVA, with treatment
as the independent factor. When appropriate, multiple comparisons were conducted using
Tukey’s test.
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3. Results
3.1. Antifungal Activity

The evaluation of the antifungal potential of the sisal aqueous extract against the
yeast Candida albicans was conducted by analyzing the inhibition of its growth. In this
assay, the aqueous sisal extract was initially prepared at a concentration of 5600 µg/mL.
From this initial concentration, serial dilutions were performed, resulting in the following
concentrations in the last six test tubes after inoculation: 1400, 700, 350, 175, 87, and
43 µg/mL.

The inhibition percentages are presented in Table 1, demonstrating the antifungal
activity of the aqueous extract against Candida albicans. At a concentration of 87 µg/mL,
the extract was able to inhibit 99% of the yeast’s growth. Nystatin, used as the reference
antifungal, exhibited an MIC of 3.1 µg/mL.

Table 1. Inhibitory concentrations of the sisal aqueous extract and nystatin (positive control) against
the yeast Candida albicans following treatment with nystatin at concentrations ranging from 0.8 to
25 µg/mL—positive control (PC) and sisal aqueous extract at concentrations from 43 to 1400 µg/mL.
The asterisk (*) indicates the Minimum Inhibitory Concentration (MIC).

Sample Concentration (µg/mL) % Inhibition

Nystatin 25 99%
Nystatin 12.5 99%
Nystatin 6.3 99%
Nystatin 3.1 99% *
Nystatin 1.6 96%
Nystatin 0.8 88%

Aqueous extract 1400 99%
Aqueous extract 700 99%
Aqueous extract 350 99%
Aqueous extract 175 99%
Aqueous extract 87 99% *
Aqueous extract 43 46%

The antifungal activity against the yeast Malassezia pachydermatis was also evaluated
using the same concentrations of the aqueous extract. However, the commercial antifungal
used for comparison was ketoconazole. Against Malassezia pachydermatis, the sisal aque-
ous extract exhibited an MIC of 1400 µg/mL. Table 2 illustrates the minimum inhibitory
concentrations for Malassezia pachydermatis. Ketoconazole, used as the reference antifungal,
showed an MIC of 112 µg/mL.

Table 2. Inhibitory concentrations of the sisal aqueous extract and ketoconazole (positive control)
against the yeast Malassezia pachydermatis following treatment with ketoconazole at concentrations
ranging from 56 to 1800 µg/mL—positive control (PC) and sisal aqueous extract at concentrations
from 43 to 1400 µg/mL. The asterisk (*) indicates the Minimum Inhibitory Concentration (MIC).

Sample Concentration (µg/mL) % Inhibition

Ketoconazole 1800 99%
Ketoconazole 900 99%
Ketoconazole 450 99%
Ketoconazole 225 99%
Ketoconazole 112 99% *
Ketoconazole 56 89%
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Table 2. Cont.

Sample Concentration (µg/mL) % Inhibition

Aqueous extract 1400 99% *
Aqueous extract 700 70%
Aqueous extract 350 23%
Aqueous extract 175 19%
Aqueous extract 87 18%
Aqueous extract 43 16%

Continuing the antifungal study and aiming to enhance the observed results, the
alcoholic fraction of the aqueous extract was evaluated at concentrations below 87 µg/mL
against Candida albicans and below 1400 µg/mL against Malassezia pachydermatis. The results
showed that for Candida albicans, the alcoholic fraction was less potent than the aqueous
extract, achieving only 47% inhibition at the highest concentration tested (87 µg/mL). This
inhibition was significantly lower compared to the aqueous extract, which inhibited 99% of
the yeast at the same concentration. A similar trend was observed against Malassezia pachy-
dermatis, where the alcoholic fraction was also less potent. Even at the highest concentration
tested (1400 µg/mL), it produced only 42% inhibition.

3.2. Antioxidant Activity

Table 3 presents the antioxidant effect of different concentrations of the sisal aqueous
extract and its alcoholic fraction. The aqueous extract exhibited a higher antioxidant activity
compared to the alcoholic fraction at all concentrations tested. Quercetin at 100 µg/mL
was used as the positive control (PC). The alcoholic fraction showed a minimum inhibitory
concentration of 921.99 µg/mL and the aqueous extract 114.62 µg/mL.

Table 3. Antioxidant Activity.

Sample (%) Antioxidant Activity

Negative Control 0.00 ± 0.00

Positive Control 97.17 ± 0.00 *

Aqueous extract 100 µg/mL 48.98 ± 0.00 *

Aqueous extract 250 µg/mL 72.34 ± 0.00 *

Aqueous extract 500 µg/mL 75.89 ± 0.00 *

Aqueous extract 1000 µg/mL 87.94 ± 0.00 *

Alcoholic fraction 100 µg/ml 2.20 ± 0.02

Alcoholic fraction 250 µg/ml 5.48 ± 0.00

Alcoholic fraction 500 µg/ml 38.84 ± 0.03 *

Alcoholic fraction 1000 µg/ml 54.23 ± 0.05 *
The asterisk (*) indicates a significant difference (p < 0.05) compared to the negative control (NC) as determined
by one-way ANOVA followed by Tukey’s post hoc test.

3.3. Phytochemical Analysis

To gain a better understanding of the pharmacological effects exhibited by the aqueous
extract and its alcoholic fraction, phytochemical analyses were performed. Table 4 presents
the results obtained from the spectrophotometric analyses, expressed as grams of standard
equivalents per 100 g of dry extract.
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Table 4. Mean ± standard deviation of secondary metabolites present in the sisal aqueous extract.

Sample (µg/mL) Phenolics GAE Flavonoids QE Saponins ES

Aqueous extract 28.38 ± 0.12 0.07 ± 0.01 30.28 ± 0.75

Alcoholic fraction 8.02 ± 0.85 0.82 ± 0.09 28.48 ± 2.53
GAE—gallic acid equivalents in g/100 g of dry extract; QE—quercetin equivalents in g/100 g of dry extract;
ES—Quillaja saponin equivalents in g/100 g of dry extract.

3.4. Viability

Since the aqueous extract showed the best results in the previous analyses, its cytotoxi-
city was evaluated in this phase. The results of the cell viability assay on fibroblasts treated
with various concentrations of the aqueous extract are presented in Figure 1. This figure
illustrates that the positive control (2% Tween 80) and the aqueous extract concentrations of
400, 800, and 1600 µg/mL exhibited a significant difference (p < 0.05) compared to the neg-
ative control. At concentrations of 100 and 200 µg/mL, the aqueous extract demonstrated
cell viability percentages of 102% and 100%, respectively. Only the highest concentrations,
800 and 1600 µg/mL, reduced the cell viability by more than 30%.

24 h
0

50

100

NC

Tween 0.2%

100 µg/mL

200 µg/mL

400 µg/mL

800 µg/mL

1600µg/mL

NIH3T3

*

*

*

*

Figure 1. Mean ± SD of the percentage values corresponding to the cell viability rate of NIH3T3
fibroblasts evaluated 24 h after the following treatments: saline solution—negative control (NC); 2%
Tween 80—positive control (PC); sisal aqueous extract at concentrations of 100, 200, 400, 800, and
1600 µg/mL. The asterisk (*) indicates a significant difference (p < 0.05) compared to the NC group.

4. Discussion
The yeasts Candida albicans and Malassezia pachydermatis are opportunistic fungi that

can cause severe infections in immunocompromised individuals [22]. Candida albicans is a
commensal species of the human gastrointestinal and genitourinary tracts; however, under
conditions of microbiota imbalance or immunosuppression, it can become an aggressive
pathogen, causing superficial or systemic candidiasis [23]. Malassezia pachydermatis, al-
though more common in animals, can also affect humans, especially hospitalized neonates
and critically ill patients, and is associated with fungemia and dermatitis [24]. Both species
possess adaptive mechanisms to oxidative stress generated by the immune system, includ-
ing the production of enzymes such as catalase, superoxide dismutase, and glutathione
peroxidase, which neutralize reactive oxygen species (ROS) [25]. This antioxidant capacity
contributes to their survival in hostile environments and promotes infection persistence [26].
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Furthermore, these yeasts have shown increasing resistance to conventional antifun-
gals, such as azoles, highlighting the need to explore new therapeutic strategies [22,27]. In
this context, plant extracts have emerged as promising alternatives, as various plant species
are rich in secondary metabolites with antifungal, antioxidant, and anti-inflammatory
properties [28–30]. These compounds can interfere with essential physiological processes
in fungi, such as cell membrane integrity, ergosterol biosynthesis, and oxidative stress
response, thereby contributing to both the inhibition of fungal growth and to the strength-
ening of the host’s defenses [31–34].

With the aim of evaluating the potential use of the sisal residue extract in the fu-
ture development of a new antifungal agent, its activity was initially assessed against
the pathogenic yeasts Candida albicans and Malassezia pachydermatis. Overall, the results
were promising, indicating that the active components present in the sisal aqueous extract
exerted a significant antifungal effect. Against Candida albicans, a minimum inhibitory
concentration (MIC) of 87 µg/mL was observed, while for Malassezia pachydermatis, the
MIC was 1400 µg/mL. According to the criteria proposed by Aligiannis et al. [35], the
antimicrobial activity of plant extracts can be classified based on MIC values as follows:
products with MIC ≤ 0.5 mg/mL are considered potent inhibitors; those with MIC be-
tween 0.6 and 1.5 mg/mL are moderate inhibitors; and those with MIC > 1.6 mg/mL are
weak inhibitors.

Based on this classification, the sisal aqueous extract would be categorized as a potent
inhibitor against Candida albicans and a moderate inhibitor against Malassezia pachydermatis.
Additionally, according to Pelczar et al. [36], variations in antifungal responses observed
across studies may also be related to the intrinsic characteristics of each strain. In 2009,
Santos and colleagues [37] reported that the hydroalcoholic extract of sisal leaves exhibited
an MIC of 390 µg/mL against Candida albicans. Hammuel et al. [38] investigated the
methanolic and aqueous extracts of Agave sisalana and observed an MIC ranging from 10
to 20 mg/mL against the yeast Candida albicans. These values indicate a weak antifungal
activity. On the other hand, other studies, such as the dissertation by Almeida (2013),
reported a significantly lower (and thus more potent) MIC of 98 µg/mL for the liquid
residue/mucilage of sisal [39]. These findings suggest that the aqueous extract of sisal may
exhibit superior antifungal activity, particularly when compared to leaf extracts or less
efficient extraction methods.

To evaluate the antioxidant activity of the sisal aqueous extract and its alcoholic
fraction, the DPPH method was employed. This method is based on the electron transfer
from an antioxidant compound to an oxidant [40]. DPPH, an oxidizing agent, is reduced
to form diphenylpicrylhydrazine, which has a yellow color accompanied by a decrease
in absorbance. It is a stable free radical that in the presence of a hydrogen-donating
antioxidant (AH) can be reduced in an alcoholic medium, forming diphenylpicrylhydrazine.
This reduction can be monitored by spectrophotometry at 515 nm through a decrease
in absorbance, with a simultaneous color change from the original dark violet to light
yellow [41]. In other words, the greater the reduction of DPPH, the less intense the violet
color, indicating higher antioxidant activity of the tested solution.

The results obtained from the DPPH assay revealed that the sisal aqueous extract
exhibited superior antioxidant activity compared to its alcoholic fraction. The antioxi-
dant activity of plants is correlated with their phenolic compound content [42], as these
compounds have the ability to inhibit xanthine oxidase, an enzyme responsible for tissue
oxidation. Consequently, they can inhibit free radical formation and prevent oxidative
stress processes that lead to cell death [43]. In this regard, the phytochemical analysis
of the sisal aqueous extract revealed a high concentration of total phenolic compounds,
measuring 28.38 ± 0.12 g/100 g GAE. Rawat et al. [44] analyzed the tuber of Agave sisalana
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Perrine and found a total phenolic content of 310.79 mg/g GAE. Daher et al. [45], using
50% hydroalcoholic extraction of sisal residue, obtained a lower concentration of pheno-
lic compounds, measuring 77.93 mg/g GAE. These results illustrate the high content of
phenolic compounds present in the sisal residue that is currently being discarded.

The higher concentration of phenolic compounds observed in the aqueous extract
compared to its alcoholic fraction may be related to the chemical nature of these metabo-
lites. Low-molecular-weight phenolic compounds, such as phenolic acids and some simple
flavonoids, are highly polar and water-soluble, which favors their retention in the aque-
ous phase during hydroalcoholic fractionation [46]. Conversely, the alcoholic fraction
tends to solubilize less polar compounds, which may explain the lower concentration of
phenolics detected.

Furthermore, it is possible that structurally more complex compounds, such as lignin, a
macromolecule composed of intertwined phenolic units, are present in the aqueous extract.
Lignin can react with the Folin–Ciocâlteu reagent, interfering with the quantification of
total phenolics [47]. Studies indicate that plant residues rich in lignin, such as those from
Agave, may exhibit elevated total phenolic values that do not directly reflect the presence
of low molecular weight compounds with biological activity [48].

Another relevant factor is the synergism among different classes of secondary metabo-
lites. Phenolic compounds, flavonoids, and saponins can exert combined effects, enhancing
biological activities such as antifungal and antioxidant actions [49]. This synergism may
result from their activity on different molecular targets or the mutual regeneration of active
compounds, as observed in various plant matrices [50]. Thus, the superior performance of
the aqueous extract may be associated with the simultaneous and interactive presence of
these compounds.

Saponins, in turn, exhibit a broad spectrum of bioactivities, including antifungal, an-
tioxidant, anti-inflammatory, and immunomodulatory effects [14]. Their ability to interact
with lipid membranes by forming complexes with sterols is one of the most widely accepted
mechanisms underlying their antifungal action, particularly against yeasts such as Candida
albicans and Malassezia pachydermatis [51]. Studies have also demonstrated that saponins can
modulate oxidative responses by reducing the reactive oxygen species (ROS) levels [52].

Therefore, the phytochemical complexity of the aqueous extract, even without frac-
tionation, may represent a therapeutic advantage, especially when aiming for a for-
mulation with multiple synergistic mechanisms of action and a reduced likelihood of
resistance development.

In the final stage of this study, to assess the potential use of the aqueous extract of
sisal, its effect on the viability of murine NIH/3T3 fibroblasts was evaluated using the
MTT assay. This widely used methodology assesses the cytotoxic effects of plant extracts
on cell lines. The aqueous sisal extract was tested at concentrations ranging from 100 to
1600 µg/mL. Results demonstrated no cytotoxicity at concentrations between 100 and
400 µg/mL, with cell viability exceeding 70%, indicating safety for use [53]. In contrast,
higher concentrations caused a reduction in cell viability, suggesting dose-dependent
cytotoxic effects potentially linked to the saturation of cellular defense mechanisms or
interactions with the plasma membrane. These findings align with previous studies demon-
strating low toxicity of extracts derived from Agave sisalana residues in non-tumorigenic
cells. For instance, an in vitro assay evaluated the antioxidant and cytotoxic potential of
three extracts obtained via acid hydrolysis (AHAS), dry precipitation (DPAS), and hexane
extraction (HAS) from the plant in Vero cells, human lymphocytes, and mouse erythrocytes,
reporting no significant genotoxicity in the extracts, particularly at concentrations relevant
for pharmacological applications [54]. Mazo et al. [55], evaluating the effect of the hydroal-
coholic extract from sisal root on NIH/3T3 cells using the MTT assay, found that all tested
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concentrations, ranging from 100 to 1600 µg/mL, did not reduce cell viability, indicating an
absence of cytotoxicity. Additionally, a mucoadhesive gel formulation containing sisal and
pomegranate residues, tested on NIH/3T3 cells, showed cell viability values exceeding
70% even at high extract concentrations, demonstrating safety for topical application. The
combination of low cytotoxicity and high biological activity reinforces the potential of
the aqueous sisal extract as a safe ingredient for pharmaceutical, dermocosmetic, and
phytotherapeutic formulations.

Although these results are suggestive, it is essential to acknowledge the inherent
limitations of in vitro assays, which do not fully replicate the complexity of human skin
and systemic interactions. Nevertheless, the observed low cytotoxicity indicates that
Agave sisalana extracts are likely safe for incorporation into cosmetic and dermocosmetic
formulations. These in vitro analyses provide preliminary safety data supporting the
further development of topical products; however, comprehensive studies, including skin
irritation, sensitization, and clinical evaluations, are required to fully assess their suitability
and establish effective concentrations for cosmetic applications.

5. Conclusions
Based on the results obtained, we can conclude that the aqueous extract of sisal

exhibited potent antifungal activity and a broad inhibition spectrum, effectively inhibiting
both the yeast Candida albicans, MIC of 87 µg/mL, responsible for vaginal and cutaneous
candidiasis, and the yeast Malassezia pachydermatis, MIC of 1400 µg/mL, which causes
mycoses on the scalp and body surface. Additionally, the aqueous sisal extract, IC50
114.62 µg/mL, demonstrated higher antioxidant activity compared to the alcoholic fraction,
IC50 921.99 µg/mL.

The phytochemical results suggest that the high concentration of saponins, as well as
the synergism among secondary metabolites present in the aqueous extract of sisal residue
is likely responsible for its enhanced antifungal and antioxidant effects.

Thus, as the aqueous extract of sisal residue presents therapeutic potential, and repre-
sents an important alternative to be explored for the treatment of resistant mycoses, new
analyses will be carried out with this extract isolated and inserted into pharmaceutical
formulations.

Finally, it is worth highlighting that the results obtained herein not only open up a
new line of research but also enable the economic utilization of sisal residue, a byproduct of
leaf defibration that is currently underutilized. Adding value to this residue can improve
the living conditions, health, and education of the population in the sisal-producing region
of Bahia, one of the poorest areas in Brazil.
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